SUMMARY An outbreak of n-hexane polyneuropathy as a result of industrial exposure occurred in printing factories in Taipei area from December 1983 to February 1985. Multimodality evoked potentials study was performed on 22 of the polyneuropathy cases, five of the subclinical cases, and seven of the unaffected workers. The absolute and interpeak latencies of patterned visual evoked potential (pVEP) in both the polyneuropathy and subclinical groups were longer than in the normal controls. The pVEP interpeak amplitude was also decreased in the polyneuropathy cases. Brainstem auditory evoked potentials (BAEP), showed no difference of wave I latency between factory workers and normal controls, but prolongation of the wave I-V interpeak latencies was noted, corresponding with the severity of the polyneuropathy. In somatosensory evoked potentials (SEPs), both the absolute latencies and central conduction time (CCT) were longer in subclinical and polyneuropathy cases than in the unaffected workers and normal controls. From this evoked potentials study, chronic toxic effects of n-hexane on the central nervous sytem were shown.
evoked potential abnormalities in patients with nhexane polyneuropathy are reported, the electrophysiological abnormalities being considered as related to the chronic neurotoxic effects of n-hexane on the central nervous system.
Materials and methods

Materials
From December 1983 to February 1985, an outbreak of toxic polyneuropathy was found in the printing industry near the Taipei area in Taiwan. After detailed epidemiological studies including analysis of bulk cleaning solvents used and one-hour personal air samples, questionnaire interviews on the working circumstances, and medical examinations on these patients had been carefully performed, it was found that the endemic neurological abnormalities were attributable to chronic n-hexane poisoning.9 Use of solvents with high contents of n-hexane, poor ventilation, and the habit of sleeping in the factories between shifts were important aetiological factors. 9 There were 28 polyneuropathy patients. Clinically, they presented with progressive weakness and muscle atrophy, symmetrically involving the distal part of the lower extremities. In severe cases, the motor effects also involved the proximal portion of the lower limbs and the upper limbs. Subjective sensory symptoms such as numbness and paraesthesia were noted in one-third of the patients.
Among the 28 polyneuropathy cases, 22 patients under-Chang 270 Table 4 shows the absolute latencies of wave I, III, and V in the BAEP study. The I-111, III-V, and I-V interpeak latencies are also listed. There was no significant difference of wave I latency among the four groups (F = 0-5326, a > 0-13). The absolute wave III and V latencies, and the I-III, III-V and I-V interpeak latencies were significantly prolonged in the polyneuropathy cases. The tendency for the longer interpeak latencies to be associated with the more severe the involvement of the peripheral nerves can be observed in Table 4 . Table 5 shows the scalp and neck SEP latencies obtained by stimulation of the median nerve, and the scalp SEP latencies by stimulation of the peroneal nerve. Central somatosensory conduction time (CCT), which was calculated by subtracting the neck SEP latency from the scalp SEP latency by stimulation of the median nerve, is also listed. All the SEP latencies and CCT in subclinical and polyneuropathy cases were significantly longer than those in the normal controls. There was a tendency to have longer SEP latencies and CCT with increasing severity of peripheral nerves involvement.
Discussion
Acute exposure to high air concentration of n-hexane can induce nausea, headache, giddiness, euphoria, hallucination, and mild narcosis.1 Sensorimotor polyneuropathy is the principal neurological manifestation in subacute or chronic exposure to nhexane, although cranial neuropathies, blurred vision, and abnormal colour vision associated with macular changes have also been reported.68 10-12 During the initial neurological evaluation of the patients with n-hexane polyneuropathy, symptoms and signs indicating CNS involvement were often not obvious. Sobue et al6 reported 35 n-hexane polyneuropathy patients among vinyl sandal manufacturers and found that except for irritability, dizziness, or sleeplessness, there was no evidence of CNS involvement. In a detailed clinical investigation of 93 patients with n-hexane polyneuropathy, Yamamura10 concluded that there were no symptoms and signs indicating lesions in CNS.
Pathologically, giant axonal swelling with dying back degeneration is the main finding in sural nerve biopsies from n-hexane polyneuropathy patients and in experimental hexacarbon polyneuropathy.' However, besides the peripheral nerves, axonal swelling, axonal degeneration, and secondary breakdown of myelin sheath was also observed in the CNS in experimental animals intoxicated with hexacarbon. In rats, Spencer and Schaumburg3 found that the long ascending and descending tracts of the spinal cord were affected first. The same pathological changes in the cerebellum and lateral geniculate body were also present in rats with advanced disease.3 In cats intoxicated by low-level but prolonged administration of 2,5-hexanedione (the putative neurotoxic metabolite of n-hexane), Schaumburg and Spencer4 demonstrated early axonal swellings in the mammillary bodies, the lateral geniculate body and distal optic tract, and the superior colliculi. In view of these pathological studies, it is not unreasonable to postulate that there may be simultaneous CNS lesions in n-hexane polyneuropathy patients.
Neurotoxic effects of n-hexane on the human central nervous system:evoked potential abnormalities in polyneuropathy 273 Although there is an absence of clear clinical signs of CNS degeneration at the initial neurological evaluations in patients with n-hexane polyneuropathy, indirect evidence indicating CNS involvement has been mentioned on follow-up studies. After recovery of muscle strength and sensation, the patients may have residual spasticity and hyperactive tendon reflexes, 5 1813 suggesting irreparable damage to the long tracts of the spinal cord. Schaumburg and Spencer4 thought that weakness and sensory impairment associated with peripheral nerves damage would mask signs of CNS degeneration.
In addition to bedside neurological examination, electrophysiological techniques have also been employed to evaluate the neurotoxic effects of nhexane on the CNS. By studying H-reflex behaviour in patients with n-hexane polyneuropathy, Bravaccio et al'3 found that an increased excitability of alpha motorneurons in their patients gave good evidence of spinal cord involvement. After analysis of scalp SEPs by stimulation of the median nerves, Mutti et al'4 noted much flatter later SEP components in 15 women exposed to n-hexane than in the control group, suggesting some neurotoxic effects of n-hexane on the CNS. Seppalainen et al'2 15 found abnormal amplitudes and latencies of flash visual evoked potentials in industrial workers exposed to n-hexane. They interpreted these changes as the result of cerebral dysfunction, probably conduction block in intracerebral axons.
In the present study, the NI, P1 and N2 absolute latencies, and Nl-N2 interpeak latency of patterned VEP were longer in both the subclinical and polyneuropathy groups than in the normal controls and unaffected workers. Although maculopathy and colour discrimination defects are the main eye findings in industrial workers exposed to n-hexane,'2 15 they usually do not induce latency abnormalities of the patterned VEP. 6 Optic nerve atrophy and retrobulbar neuritis, which can cause abnormalities in patterned VEP and have been reported in patients with n-hexane polyneuropathy,'0 were not found in the present study (table 2) . Therefore, the pVEP abnormality shown in table 3 cannot be explained by the toxic effects of n-hexane on the retina or visual pathway peripheral to the geniculate bodies. As P1 of patterned VEP is generated in the primary visual cortex but probably does not represent the first cortical component,'6 the latency abnormalities in the subclinical and polyneuropathy groups result from cerebral dysfunction. Cerebral dysfunction could also be responsible for the amplitude attenuation in the polyneuropathy patients, although the role of maculopathy in amplitude changes is not clear.
In the BAEP study, I-Ill, III-V, and I-V interpeak latencies reflect neural conduction in the corresponding segments of the central auditory pathway in the brainstem. In the present study, the lack of difference of wave I latency between the normal controls and factory workers suggests that the auditory nerve itself was not severely affected in n-hexane intoxication. Prolongation of interpeak latencies in subclinical cases and polyneuropathy patients should be interpreted as neurotoxical effects of n-hexane on the brainstem.
Slow conduction in the peripheral nerves can partly explain the delay of the scalp SEP and neck SEP latencies in patients with n-hexane polyneuropathy. Prolongation of the central somatosensory conduction time as shown in the present study is the other crucial factor for the delay of SEP latencies. As the impulses for eliciting scalp SEPs are transmitted through the posterior columns of the spinal cord, and early pathological changes involving the rostral part of the gracile and cuneate tracts have been found in experimental rats intoxicated by n-hexane,' 3it is not surprising that there is abnormally prolonged central somatosensory conduction time in patients with nhexane polyneuropathy. This is electrophysiological evidence of neurotoxic effects of n-hexane on the spinal cord and/or the brainstem.
In analysing evoked potential abnormalities, subject variables which may influence the latency and amplitude of evoked potentials should be considered. Aging has often been reported to increase the absolute and interpeak latencies, and to decrease the amplitude. '7 In the present study, the mean ages of each worker group were younger than that of normal controls, hence, there would be much more abnormality if the evoked potential results were ageadjusted. Sex differences have been mentioned in the absolute P1 latency of patterned VEPs and interpeak latencies of BAEPs,'7 yet have not been observed in central somatosensory conduction time. 18 Sex differences were considered negligible in the present study, for there was only one female subject in each worker group.
From the results of the evoked potential study, it is concluded that there are chronic neurotoxic effects of n-hexane on the central nervous system, including the cerebrum, the brainstem, and the spinal cord. These toxic effects exist in patients with clinical or subclinical polyneuropathy, and also possible in exposed workers without abnormal nerve conduction velocities in the peripheral nerves.
